Dysregulation of the skin immune system (SIS) could explain the high prevalence of skin disorders in HIV+ individuals. The present study was carried out to determine whether alterations in the cell population of SIS and epidermal immunoactivation occur in the normal skin of HIV+ individuals. Forty-five biopsies were taken from the normal upper arm skin of 45 HIV+ patients and of 15 healthy controls. HIV+ individuals were divided into three categories according to their CD4 cell blood count (<200, 200-499 and ≥500/µl). Hematoxylin-eosin was used to stain tissue sections for morphological analysis and immunohistochemistry was used for the evaluation of the frequency of macrophages, Langerhans cells, and CD lymphocyte subsets. In addition, semiquantitative analysis of LFA-1, ICAM-1 and HLA-DR was determined in epidermal cells. Macrophages, Langerhans cells, and CD lymphocyte subsets did not differ significantly between any of the patient categories and the control group. When all HIV+ individuals were compared as a group to the control group, a significant increase in dermal CD8+ T lymphocytes (P < 0.01) and lower CD4-CD8 ratios (P < 0.01) were observed in the HIV+ individuals. Epidermal ICAM-1 and HLA-DR expression was negative in both HIV+ and normal skin biopsies. No evidence of a depletion of the SIS population or of epidermal immunoactivation in normal skin from HIV+ individuals was demonstrable, suggesting that alterations in the central immune system are not necessarily reflected in the SIS of HIV-infected patients.
Abstract
Dysregulation of the skin immune system (SIS) could explain the high prevalence of skin disorders in HIV+ individuals. The present study was carried out to determine whether alterations in the cell population of SIS and epidermal immunoactivation occur in the normal skin of HIV+ individuals. Forty-five biopsies were taken from the normal upper arm skin of 45 HIV+ patients and of 15 healthy controls. HIV+ individuals were divided into three categories according to their CD4 cell blood count (<200, 200-499 and ≥500/µl). Hematoxylin-eosin was used to stain tissue sections for morphological analysis and immunohistochemistry was used for the evaluation of the frequency of macrophages, Langerhans cells, and CD lymphocyte subsets. In addition, semiquantitative analysis of LFA-1, ICAM-1 and HLA-DR was determined in epidermal cells. Macrophages, Langerhans cells, and CD lymphocyte subsets did not differ significantly between any of the patient categories and the control group. When all HIV+ individuals were compared as a group to the control group, a significant increase in dermal CD8+ T lymphocytes (P < 0.01) and lower CD4-CD8 ratios (P < 0.01) were observed in the HIV+ individuals. Epidermal ICAM-1 and HLA-DR expression was negative in both HIV+ and normal skin biopsies. No evidence of a depletion of the SIS population or of epidermal immunoactivation in normal skin from HIV+ individuals was demonstrable, suggesting that alterations in the central immune system are not necessarily reflected in the SIS of HIV-infected patients.
Introduction
During HIV infection, the skin is an organ of major morbidity. Increasingly severe cutaneous disorders most commonly occur during the course of the disease and sometimes they provide the earliest clue to the existence of HIV or of its progression (1) (2) (3) . Suggestive of both local permissiveness and responsiveness to the presence of HIV, a change in the cutaneous environment also appears to take place. As such, an dysregulation of the skin immune system (SIS) could be the prime reason for the increasing prevalence of skin disorders in HIV+ individuals (4) (5) (6) (7) . However, few studies have been conducted on the SIS of HIV+ patients, in whom, similar to what occurs in other specialized lymphoid systems, changes in the immune cells associated with the SIS would be predictable (8) (9) (10) .
Most of the studies on SIS in HIV infection have focused on the role of Langerhans cells (Lc), most probably because of their important function as antigen-presenting cells and because of their expression of CD4 cells. Although results continue to be contradictory, the hypothesis that the Lc population may suffer alterations during infection has been the subject of numerous studies (11) (12) (13) (14) (15) (16) . Few data are available regarding the role of T cells and the other components. Skin mast cell density has been shown to remain unchanged in HIV+ individuals (17) . Even though keratinocytes do not become infected with HIV, they are capable of secreting a variety of immunomodulatory cytokines (interleukin (IL)-1, IL-6 and tumor necrosis factor-α) which may enhance HIV replication and the spreading of the virus in the skin (7, 18) . In addition, as can be seen in a wide variety of dermatoses, keratinocytes may become immunoactivated by means of the induction of expression molecules, such as the intercellular adhesion molecule 1 (ICAM-1) and human leukocyte antigen (HLA)-DR, responsible for the increase in lymphocyte traffic in the epidermis and its susceptibility to inflammatory reactions (19) .
The skin-related mechanisms in HIV infection are unknown, although SIS dysregulation has been consistently thought to play a role in triggering dermatoses. Using histological and immunohistochemical techniques, we attempted to determine whether the SIS becomes impaired in the clinically normal-appearing skin of HIV+ patients at different stages of infection. The number of skin immune cells (Lc, dermal dendrite cells, T cell subsets and macrophages), the extent of perivascular infiltrates, and the presence of immunoactivated cell components (HLA-DR, ICAM-1 and leukocyte function-associated antigen-1 (LFA-1)) were determined in situ.
Material and Methods

Subjects
After obtaining written informed consent from patients and control subjects and approval from the Ethics Committee of the Oswaldo Cruz Foundation, 45 HIV+ patients (27 males and 18 females; mean age, 37.2 ± 6.6; range, 25-50 years) were randomly selected to participate in this cross-sectional study. Patients with systemic or cutaneous diseases that might interfere with the study were excluded from the investigation. HIV patients were further grouped according to their CD4+ cell count as follows: <200/µl (category I, AIDS patients, N = 15); 200 to 499/µl (category II, N = 15); ≥500/µl (category III, N = 15). Thirty-one (68%) patients were taking antiretroviral agents at the time of the study; 15 were receiving two drugs (mean time, 7.8 months; range, 2 to 14 months); 15, triple drug therapy (mean time, 6.3 months; range, 1 to 10 months), and 1, quadruple drug therapy (1 month; nucleoside reverse transcriptase inhibitors, zidovudine, didanosine, dideoxycytidine, and lamivudine in addition to the protease inhibi-tors saquinavir and ritonavir) in a variety of combinations ( Table 1 ). The control group consisted of 15 healthy individuals (8 males and 7 females; mean age, 35.4 ± 7.4; range, 20-42 years).
Skin biopsies
Punch biopsies (6 mm) were obtained from clinically normal skin on the sun-protected inner side of the upper arm from HIV patients and control subjects. Biopsy samples were cut into two parts and processed for histological and immunohistochemical evaluation as described below.
Histopathological analysis
The skin fragment was fixed in 10% neutral-buffered formalin overnight, embedded in paraffin, and stained with hematoxylineosin. The material was submitted to the following morphological determinations: 1) count of the number of layers in the epidermis and analysis of the keratinocytes in each layer; 2) evaluation of the dermal and subcutaneous adnexa and blood vessels, and 3) measurement of the extension of the inflammatory infiltrate. Samples were examined by two independent observers and morphological features were recorded. Quantitative measurements (mean %) of the infiltrated area were made during microscopic examination (100X magnification) of histological sections using a ProLite image analyzer, which permitted the viewing of fields with a Nikon E 450 microscope. For each sample, three different fields of the upper dermis were scanned (20X). The most extended infiltrates (four of them) were identified and measured in each field (40X), and the mean of each sample was calculated.
Immunohistochemistry
Biopsies were snap-frozen and kept in liquid nitrogen until the time for use. Frozen sections were cut with a cryostat, air dried, and fixed in cold acetone for 10 min. The sections were incubated with the primary antibody for 60 min, washed in PBS, and then incubated with the biotinylated secondary antibody (Dako Corporation, Carpinteria, CA, USA), followed by the avidin-biotin-peroxidase complex (Vectastain ABC kit; Vector Laboratories, Inc., Burlingame, CA, USA), and processed according to manufacturer instructions. Finally, sections were developed with aminoethylcarbazole as the chromogenic substrate. In control specimens, the primary monoclonal antibody was omitted or isotype control antibodies of irrelevant specificity were used. The sections were analyzed by light microscopy and photomicrographs were taken with a Nikon Microphot system.
Antibodies
Mouse anti-human monoclonal antibodies were used for the identification of specific cell types, proteins, and surface molecules. Anti-CD1 (Lc) antibody, anti-CD3 (pan T cell marker), anti-CD4, anti-CD8 T cell subsets, HIV-1 RNA was determined by quantitative nucleic acid sequence-based amplification (Organon, Teknika, Boxtel, The Netherlands), as recommended by the manufacturer. The detection limit of the assay was <400 copies/ml. CD3, CD4 and CD8 lymphocyte counts were determined by four- 
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color staining (CD45, CD3, CD4, CD8) using standard flow cytometry.
Statistical analysis
Results are reported as mean ± SD. A simple description of variables was elaborated in order to compare the different HIV categories and controls with respect to clinical and laboratory data. ANOVA (Scheffé) and the chi-square test (Fischer) were used to measure the effect of HIV staging associated to independent variables. In addition, the Pearsonproduct-moment correlation coefficient (r) was calculated. The level of significance was set at P < 0.05 in all analyses.
Results
Histological analysis
Hematoxylin-eosin staining showed a similar histological pattern and a nonspecific dermis infiltrate in HIV patients and control subjects. No major differences in mean percent area occupied by the infiltrate were noted between the patient categories and the control group, with values of 702.8 ± 621.6 for category I, 448.8 ± 274.8 for category II, 626.4 ± 408.6 for category III, and 749.5 ± 462.3 for controls. Similarly, there was no statistically significant difference between HIV+ individuals (592.6 ± 760.1) and controls (749.5 ± 462.3; Figure 1A ,B).
Immunohistological evaluation
Immunohistological staining of frozen biopsies for T cell subsets showed that the numbers of CD3, CD4 and CD8 T lymphocytes and the CD4-CD8 lymphocyte ratio in the perivascular dermis did not differ significantly among patient categories or between groups of HIV patients and controls (Table 2 and Figure 2B ,C). However, a significant increase in CD8 T lymphocytes was detected in HIV+ individuals (5.3 ± 7.3) in the (Figure 2A) . Likewise, the mean macrophage cell density in the dermis was not significantly different between the HIV+ categories and the control group or among the different patient categories (data not shown). Epidermal HLA-DR and ICAM-1 expression was negative in the keratinocytes (0+) and LFA-1 and ICAM-1 were expressed constitutively in the blood vessels and in dermal lymphocytes.
Correlation between CD8 T lymphocytes in the perivascular dermis infiltrate and T lymphocyte subsets in the blood
The number of CD3-, CD4-and CD8-positive cells in blood was estimated in all the individuals enrolled in the study. As expected, CD4 cell averages were significantly different between the various categories (except category III, CD4 ≥500/µl) and the control group, and individuals with AIDS presented the lowest averages (Table 2) . When data for all HIV+ individuals were pooled, lower mean CD4-CD8 ratios were detected (0.44 ± 0.45) compared to the control group (2.12 ± 1.24; P < 0.001). Moreover, evaluation of the cellular infiltrate showed a positive correlation between CD8 Data are reported as means ± SD. Categories: I = CD4 <200/µl; II = CD4 200-499/µl; III = CD4 ≥500/µl. a AIDS patients had significantly lower numbers of CD4 lymphocytes in blood compared with category II (P < 0.02), category III (P < 0.001), and control (P < 0.001). b In category II, CD4 numbers were also significantly lower compared to category III (P < 0.001), and to control (P < 0.001). c The CD4-CD8 T lymphocyte ratio was significantly lower for the AIDS group compared to control (P < 0.001), and for d category II compared to control (P < 0.001). ANOVA was used for all comparisons.
perivascular dermis compared to control (0.6 ± 1; P < 0.01). In addition, these patients presented a lower CD4-CD8 ratio (2 ± 3.4) compared to control (5.1 ± 5.6; P < 0.01). A positive correlation was also observed between the number of CD3 and CD8 T lymphocytes (r = 0.29; P < 0.028) and between the number of CD4 lymphocytes and the CD4-CD8 ratio in the perivascular dermis (r = 0.80; P < 0.001) in all individuals. Staining for the CD45RO and CD45RA isoforms showed no differences among the various groups (data not shown).
Langerhans cells
The mean Lc density in the epidermis was not significantly different between the patient categories and the control group or between HIV+ individuals as a whole and controls. Lc density was 30.1 ± 32.3 in category I, 19 ± 16.9 in category II, 19.6 ± 17.4 in category III, and 21 ± 14.8 in the control group. Mean dermal dendritic cell density was as follows: 3.8 ± 1.6 in category I, 1.3 ± 1.6 in category II, 3.3 ± 4.8 in category III, and 1.5 ± 1.7 in the control group. Among HIV+ individuals, mean Lc density and dermal dendritic cell density were 25.1 ± 23.3 and 3.2 ± 5.7, respectively, as compared to T cells in the skin of HIV-infected individuals perivascular T lymphocyte counts and CD8 counts in blood (r = 0.29; P < 0.02) and a negative correlation between perivascular CD8 T cells and the CD4-CD8 ratio in blood (r = 0.31; P < 0.01).
With respect to viral load, 37 patients showed detectable levels of HIV-1 RNA in plasma with no significant difference among the 3 groups (category I: 4.72 ± 0.69, category II: 3.9 ± 0.85, and category III: 4.4 ± 0.85). No correlations were detected between cell components and viral load.
Discussion
In view of the great importance of skin morbidity in HIV infection and the scarcity of studies on the possible participation of the SIS in the development of the disease, the original purpose of this study was to ascertain the morphological aspects and to characterize the cell population of the immune system in the normal skin of HIV+ individuals.
Most of the patients in this study were receiving antiretroviral therapy, a fact that might probably have had some impact on the results. Generally, the introduction of highly active antiretroviral therapy is associated with significantly lower cutaneous morbidity in HIV patients (20) (21) (22) (23) . However, despite the antiretroviral therapy, it was possible to divide the population studied into categories according to the variations observed in their CD4 T cell counts, which indicated sharply different degrees of immunodeficiency (P < 0.05), especially considering individuals with AIDS (category I), who were severely immunodepressed (CD4 = 96/µl).
In the present study, surprisingly, no reduction in CD4 counts was found in the perivascular infiltrate of the dermis, nor did we observe any propensity toward the loss of CD45RO cells, normally described to occur in the earlier stages of HIV infection (24) . This finding appears to indicate that the CD4 cells are preserved in the skin in contrast to the decreased number in peripheral blood. In addition, the dynamic process of replication/ destruction of CD4+ T cells seems to be occurring in most patients, as indicated by the presence of HIV-1 RNA in plasma.
In contrast, among HIV+ individuals, an increase of CD8 T cells was noted in the perivascular dermis. Cases of skin CD8 + Tcell infiltrate associated with advanced HIV infection have been described (25) (26) (27) (28) (29) (30) . Functional studies with CD8 T cells obtained from the HIV skin infiltrates have shown a cytotoxic immune response to HIV protein.
It has been suggested that, in addition to their known role in controlling the retroviral infection, these cytotoxic T lymphocytes may also be involved in the pathogenesis of the cutaneous inflammatory disorders occurring during the course of the disease (26, 27) . In this respect, a cutaneous lymphoma expressing a CD8 T cell phenotype has been reported in HIV patients (31) .
Furthermore, the reversed CD4-CD8 T cell ratio reported for blood (described in the present study), as well as in other specialized lymphoid systems and clearly observed during HIV infection, was not seen in the dermis (Table 2) (9, 10, 32) . Nevertheless, the perivascular CD4-CD8 ratio was significantly lower in HIV-infected patients compared to the control group, a fact that could probably be attributed to the increased number of CD8+ T cells.
As reported in other recent studies involving a larger number of patients, there was no detectable reduction in Lc density in the normal-appearing skin (14) (15) (16) . Although Lc is the sole cell of the epidermis that can be infected by HIV (33, 34) , simultaneously allowing the efficient replication of the virus (35, 36) , the frequency of infected Lc is low (37) . It would appear then that the involvement of Lc in HIV infection is a great deal more qualitative than quantitative in nature (38, 39) .
Similarly, no alterations in the number of macrophages was observed either in the HIV+ patients or between them and the control group. Previous studies have also failed to detect any HIV viral particles or viruses in such cells (40) . On the other hand, in other sites such as the lung, where HIV can be isolated from 50% of the macrophages in bronchoalveolar lavage fluids, numerical, phenotypical, and functional changes in macrophages have been reported to occur (3) . Similarly, no increase in HLA-DR or ICAM-1 expression was observed in keratinocytes, suggesting that there is no inflammatory response in the normal skin of HIV+ individuals.
The present study has shown the preservation of immune cells such as dermal CD4+ T cells, dermal dendritic cells, macrophages, and Lc in the normal skin of HIV patients. It can now be convincingly argued that the skin is not a major site of HIV replication and that the SIS in HIV infection acts differently from other local immune systems where HIVrelated changes take place. Conversely, it would seem that subtle interactions do occur, as indicated mainly by the increased number of CD8+ T cells in the skin. Although in the present study we did not assess the activation of CD8 cells, the presence of an increased number of cells in the perivascular normal skin may somehow lead to tissue damage, and, thereby actually contributing to the pathogenesis of skin disease in HIV infection.
